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1. INTRODUCTION 

There are different methodologies to assess the degradation of aquatic systems, on the one hand, 
some focused on the biotic component, using organisms as biological indicators and are more developed in 
Europe, USA and somewhat less in Latin America [1]. On the other hand, there are the indices referring to 
the abiotic components, which directly evaluate the physical and chemical quality of the water, and a third 
element that evaluates the habitat conditions to sustain the biota, such as the indices of habitat quality and 
bank structure, separated or gathered in river quality indices [2], [3]. This paper will specifically address 
quality indices, which according to [4], [5] water resource quality in wetlands is being increasingly 
accelerated by anthropogenic factors that cause physico-chemical conditions such as biologycal oxygen 
demand (BOD), pH and others to be significantly affected. Some of the quality indicators that have been 
considered are organic matter load, dissolved oxygen, and nutrient concentration, among others. Several 
recent studies [6], [7] uses the variables oxygen demand (OD), temperature, coliforms, pH, suspended solids 
(SS), turbidity, transparency, nitrates, phosphates, fats, color and odor, through which the organoleptic 
characteristics, effect on aquatic life and human health can be evaluated from the source. Also, in the work of 
[8] an expert evaluation of selection of important variables for water quality was carried out and it was 
concluded that those of greater importance were: OD, fecal coliforms, pH, BODS, secchi disk transparency 
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(SDT), NO3-N, phosphates, temperature and turbidity. The selection of the indicator variables to construct 
the index of state of conservation in the present study, depended, not only on the cited literature, but also on 
the concept of experts and the economic availability to develop it. For this analysis, the water parameters 
considered were based on [9], who propose that the previous parameters and especially the temperature and 
the dissolved oxygen are determining factors for vital processes in organisms, as well as as proposed [10]- 
[12], where the design of a system for analysis of water quality in wetlands is carried out. 


2. METHOD 

The area of study corresponds to the Sonso Lagoon located in the department of Valle del Cauca, in 
Colombia, is a natural ecosystem of 14 square kilometers. With physicochemical data of the lagoon's water, 
an index of its state of conservation was determined, for which the following procedure was carried out: the 
data corresponds to a period from 2004 to 2017, the variables initially available were a total of 57, of which, 
based on multivariate and principal component analysis, 13 were prioritized, with which the wetland quality 
index, multivariate and correlation analysis was established. Likewise, a cluster analysis was carried out in 
order to determine the groupings of the variables studied with the SPADN V.5.6 software (portable system 
for the analysis of numerical data) and later a factorial and community analysis was carried out in the SAS 
software (statistical analysis system 8.0). The communality refers to a common variance or covariance, 
which expresses the proportion of the total variance of such variable, which is shared with the other P-1 
remaining observed variables, with this the weights of the prioritized variables were determined, likewise the 
representativeness of the components above 80 was taken. Afterwards, a data standardization process was 
carried out where a support table was initially elaborated to compare the behavior of the variables with 
reference to the quality level, which served to support the standardization process as shown in Table 1. 
Below is the supporting table, where the related data was obtained from the literature review as the optimal 
parameters for wildlife conservation in a wetland. 


Table 1. List of the optimal data consulted for the parameters studied 


Variable Units Ranges consulted Assessment Criteria Source 
Min Max 
OD (Dissolved oxygen) Mg/L 5 10 The more the better Ministry of Agriculture, 1984 Decree 1594 
of 1984. 
pH (water) 6 8.5 Range Ministry of environment (2015). 
Resolution 0631 of March 7, 2015 
TB (turbidity) NTU 0 100 The more, the worse [8] 
Ca Ca 100 ppm [13] 
DQO 1 25 The more, the worse [14] 
Total Phosphorus 1 50 The more, the worse [14] 
Temperature 24.4 30 [14] 


Normalization of each variable: using the methodology of [15] it was proceeded to normalization 
where a range of O to 1 was considered, the closer to 0 the situation is less favorable, the closer to 1 the 
situation is more favorable. The attributes of the previous author pose: ("more is better", "more is worse" or 
"optimal range"), on each attribute an application formula was considered for the standardization process. In 
order to determine the function of belonging, the literature and expert consultation were used to determine 
which function to apply for each variable, in reference to more is better, more is worse or if it is within the 
range. The formulas applied according to [15], were the following: 


nies NN 
ae (Vmax — Vmin) 
(Vo — Vmax) 
+the worse = 


(Vmin — Vmax) 


where Vo is the calculated value of the variable; Vmin is the minimum value of the variable; Vmax is the 
maximum value of the variable; Lin¢ is the lower limit of the optimal range; Lsup is the upper limit of the 
optimal range. The formula corresponding to ‘more is better’ case is used when the variable is positive, 
whereas the formula corresponding to ‘more is worse’ case is used when the variable is negative. The 
normalized value ranges between 0 and 1, where 1 is obtained for the optimal value of the variable. Finally, 
we proceeded to establish an interpretation scale for the index which was adapted taking as reference the 
[16]. The following formula was used to define the total index: 
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CSI = Y.Vi(Xi) x W 


where CSI is the conservation status index; Vi(Xi) is a value function of the environmental quality of each 
variable i, which depends on its indicator X; and W is a relative weight given to each variable i. 


3. RESULTS 

Once the correlation coefficient analysis for main components was performed, the results of the 
component analysis are shown in Table 2, and in Table 3 the participation of physical-chemical variables in 
selected major components is shown, it was found that there is a high correlation between calcium and 
magnesium; electrical conductivity and total solids; alkalinity with total hardness; total hardness and total 
solids; calcium hardness and electrical conductivity; magnesium hardness and total solids; magnesium 
hardness with electrical conductivity; magnesium hardness with total solids; magnesium versus electrical 
conductivity and magnesium with total solids, alkalinity with bicarbonate; calcium hardness with total 
hardness and magnesium hardness with total hardness, calcium and magnesium with total hardness. The 
following were removed from the previous ratio analysis: magnesium hardness, calcium hardness, 
magnesium, bicarbonate, total hardness, total solids and alkalinity. The first five components were selected 
for a total explained variability of 74.32%. 


Table 2. Analysis of main components of physical-chemical parameters 
of the water of the Sonso Lagoon, but 2009-2018 
Components Eigenvalue Proportion Cumulative 
1 3.02621109 0.2328 0.2328 
2 2.62979853 0.2023 0.4351 
3 1.75006658 0.1346 0.5697 
4 1.26466488 0.0973 0.6670 
5 0.99111702 0.0762 0.7432 
6 0.88965199 0.0684 0.8117 
7 0.69145711 0.0532 0.8648 
8 0.64797421 0.0498 0.9147 
9 
10 
11 
12 
13 


0.44864158 0.0345 0.9492 
0.28301495 0.0218 0.9710 
0.19474426 0.0150 0.9859 
0.15147951 0.0117 0.9976 
0.03117828 0.0024 1.0000 


Table 3. Participation of physical-chemical variables in selected major components 


Physical-Chemical Variables Prin1 Prin2 Prin3 Prin4 Prin5 
Room temperature -0.208030 0.080093 0.067175 0.589034 0.279281 
pH -0.472683 0.225790 0.110314 -0.086099 0.055623 
CE 0.508797 0.146475 -0.078525 0.213177 0.120779 
Turbidity -0.076561 -0.133148 0.320020 0.080149 0.757846 
DBO 0.129849 0.229293 0.487533 0.036235 -0.189507 
DQO 0.161552 0.084022 0.604872 0.094021 -0.067123 
OD -0.273000 -0.304305 -0.352233 0.158286 0.136696 
Ca 0.499679 -0.209866 -0.078705 0.241846 0.077915 
Nitamon 0.257795 0.349012 -0.263054 -0.115307 0.104695 
NNO3 -0.141632 0.026688 -0.018800 0.641727 -0.452337 
NNO2 -0.011952 0.316636 -0.177128 0.268774 0.066504 
Phosphates 0.101980 0.530937 -0.172563 0.029124 0.135787 
Total phosphates 0.065805 0.449964 -0.101070 0.043168 0.162437 


2.1. Presence of bases in the water 

It is made up of the electrical conductivity, the calcium concentration (Ca**) and the pH, which 
represent a variability of 23.28%. The electrical conductivity (EC), is a physical parameter of water, which is 
related to chemical parameters such as ion concentration (Ca*”, H*) and pH. Considering the above, there is a 
linear relationship between calcium concentration and electrical conductivity, as stated [17]. Calcium and pH 
in north and central Swedish mire waters. That is, the higher the concentration of calcium, the higher the 
conductivity of the water solution, which is related to water hardness. On the other hand, the pH being a 
measurement of free ions in the water of Hydrogen, presents a linear relation with the EC, since as it was 
explained previously, EC is related to the concentration of ions (such as calcium, hydrogen, among others). 
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2.2. Phosphorus content in water 

It is made up of phosphates and total phosphorus, which corresponds to a variability of 20.23%. 
According to [18] the excess of total phosphorus in water generates eutrophication, its measurement includes 
different compounds such as orthophosphates, polyphosphates and organic phosphorus. 


2.3. Oxygen demands (BOD and COD) 

Corresponds to both biological and chemical oxygen demands with a variability of 13.46%. 
According to [19] biologycal oxygen demand (BOD) and chemical oxygen demand (COD), are related since 
both indicate the importance of discharges into wastewater and their possibility of biodegradation, however, 
it is important to note that according to the literature temperature also has a high relationship with these two 
indicators, however, in this analysis no such relationship is shown. 


2.4. Nitrate content 

It is formed by temperature and Nitrogen in the form of Nitrates that corresponds to a variability of 
9.73%. According to [20] temperature has a high elation with nitrates, in the sense that when there are high 
temperatures there is a greater process of decomposition of organic matter found in water and soil which is 
converted into amino acids, then ammonium, then nitrites and finally nitrates. 


2.5. Turbidity 

This component is represented by the turbidity which represents a variability of 6.84%. "Turbidity is 
of great health importance, since it reflects an approximation of the content of colloidal, mineral or organic 
matter, and therefore may indicate contamination" [21]. In accordance with the above, Figure 1 shows how 
the variables are grouped against the composition of variables for each of the first five main components. The 
composition of variables per component shows the most related variables within each of them, presenting a 
greater relationship between phosphorus contents and chemical and biochemical demands of oxygen, these 
components are contrary to the components formed by variables such as ambient temperature, nitrogen as 
nitrates and water turbidity. The EC and the concentration of Ca form a component that is diametrically 
opposed to the others. 
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Figure 1. Composition of variables for each of the first five main components. Water quality, Sonso Lagoon, 
Valle del Cauca 


2.6. Standardization of parameters 
With the formulas (1), (2) and (3) [15] and based on the consulted data of the optimal degrees of 
each parameter the following standardization was obtained as shown in Table 4. 
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Table 4. List of optimal parameter levels for standardization 


Variable Tendence Consulted Data Observed 
Min Max Mín_Observ Max_observ 

OD + IS BETTER 5 10 6.375 7.63 
pH_A OPTIMAL RANGE 6 8.5 6.423 7.718 
TB + IS WORSE 0 100 1.473 20.113 

T OPTIMAL RANGE 24.4 30 18 34 

CE + IS WORSE 60 2000 60 2954 
NNO + IS WORSE 0 11.24 0.007 3.049 
NNO2 + IS WORSE 0 0.03 0.003 0.86 
Phosphates + IS WORSE 0 0.5 0 3.95 
Total phosphorus + IS WORSE 1 51 0.03 5.94 


2.7. Determination of weights 

Weights were determined from the S.A.S. software by the communal method where the following 
results were obtained as shown in Table 5. The percentage column corresponds to the weight that was given 
to each of the variables to proceed to determine the total index, as can be seen in the table, the one that 
obtained the highest percentage was phosphate, total phosphorus and dissolved oxygen, as initially 
mentioned dissolved oxygen has been a fundamental variable for the conservation of wildlife according to 
[9], as well as total phosphates and phosphors have been determinant in the processes of eutrophication of 
wetlands [14], therefore it is consistent that these variables have the highest weights, higher values in 
weights. With the determination of weights, the procedure was to generate the total index, which is shown in 
Figure 2. 

The most optimal parameters obtained were those related to pH, temperature and total phosphorus, 
the latter being one of the most important for the standardization process. Dissolved oxygen, being one of the 
most important for the study of wetlands, was the one that obtained the lowest index. The adapted 
parameterization of Table 6 of [16]. Table 6 allows us to establish that the Sonso Lagoon having a quality 
index for the conservation of wildlife of 0.651 is in an adequate state of conservation, but with a high 
vulnerability to pass to an acceptable state. 


Table 5. Assignment of weights for each of the variables, through the software 
(statistical analysis system 8.0) 


Variable Communal Method % 
OD 0.330 0.110 
pH_A 0.570 0.189 
TB 0.084 0.028 
Tm 0.226 0.075 
CE 0.437 0.145 
NNO3 0.084 0.028 
NNO2 0.293 0.097 
Phosphates 0.563 0.187 
Total phosphorus 0.423 0.141 
Sum 3.010 1.000 
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Figure 2. Standardization and determination of the indices for each of the variables to obtain the total index 
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Table 6. Parameterization of results 


Sci Value Characteristic 

0.00-0.40 Critical state. The wetland is subject to stress that prevents compliance with its ecological functions. 

0.41-0.60 Acceptable status. The wetland is within the limits of operation, but there are disturbances that diminish its self- 
regulating capacity. 

0.61-0.80 Appropriate state. The wetland complies with most of its ecological functions. 

0.81-1.00 Optimal state. It complies properly with its ecological functions. 


4. DISCUSSION 

Wetlands are constantly subject to human pressures, related to productive systems and unsustainable 
use of the ecosystem, which has been reflected in a loss of water mirrors and a decrease in quality both for 
the conservation of aquatic life and for the provision of the different ecosystem services related to supply. 
Wetlands have been studied over time, authors such as [22] have conducted different research around quality 
indices in wetlands, especially highlighted for the purposes of this article, indexes for lentic systems which 
correspond to the type of wetland studied. This type of index has been developed according to [23] for 
several decades, especially those related to physical-chemical variables, where organic nitrogen, total 
phosphorus and dissolved oxygen have been specially analyzed, variables that were decisive when analyzing 
the Sonso Lagoon in Colombia. Yepez and Perez [24] developed a wetland conservation status index, which 
took into account parameters of biodiversity, fragmentation, soil and water in order to determine an 
integrated analysis of the ecosystem, Likewise, in this study, dissolved oxygen, temperature, pH and turbidity 
were taken into account in relation to water variables, where direct relationships between water and soil 
parameters were found, such as the case of the relationship between dissolved oxygen in water and 
phosphorus in the soil (the higher the phosphorus in the soil, the lower the dissolved oxygen in the water). In 
the case of the Sonso Lagoon in Colombia, different parameters were not considered, however, a greater 
number of physical-chemical water variables were considered to determine the status of biodiversity 
conservation in the lagoon [9], propose that temperature and dissolved oxygen are determining factors for 
vital processes of organisms, an aspect that was considered in the study of the Sonso Lagoon, and this is also 
considered in decree 1594 of 1984, where optimal levels of dissolved oxygen are mentioned for conservation 
purposes. From the literature analyzed, the wetlands present different states of conservation, from acceptable 
states to optimal states of conservation, however, those that are influenced by anthropic pressures represented 
in urbanism, neighboring productive systems and bad management practices, have accelerated deterioration 
trends and approaches to critical states, especially those located in urban areas that have a direct use and 
become undesirable spaces for the establishment of new infrastructure that seeks development regardless of 
the loss of ecosystems. The contamination of natural wetlands generates adverse effects on their ecology. 
This includes decreased dissolved oxygen (DO), high COD, and high nutrient content which in turn is related 
to eutrophication [25]. Eutrophication of lakes and ponds consists of the presence of nutrients in high 
quantities, mainly phosphorus. It is due to the increase in population and the intensification of land use. 
Livestock and agricultural activities in surrounding areas generate surface runoff into the lake or pond, with 
high concentrations of nutrients [26]-[28]. The main consequences of eutrophication are increased presence 
of algae, death of fish and excessive plant production [26]-[28]. 

In eutrophication processes, phosphorus seems to be the most important limiting factor for 
biological processes taking place in water bodies [26]. Phosphorus entering the lake tends to accumulate in 
sediments and biota. In addition, phosphorus is adsorbed onto suspended material, in greater quantity than 
nitrogen. Part of the phosphorus in the sediments returns to the water table, contributing to eutrophication 
[26], [28]. Conductivity is related to the concentration of ionized dissolved substances in the water and serves 
as an estimate of dissolved solids. The concentration of phosphates is a dissolved form of phosphorus [29]. 


5. CONCLUSION 

The Sonso Lagoon is in a state suitable for the conservation of aquatic biodiversity, however, it is at 
the limit of an acceptable state, that is, it is a vulnerable wetland that requires special attention from 
environmental authorities. Dissolved oxygen is one of the most representative variables for analyzing the 
state of the wetlands according to this study and the others consulted, however, in this case total phosphorus, 
pH and temperature, the latter being directly related. The variables that obtained the greatest weight were 
phosphates, pH, electrical conductivity and dissolved oxygen, which according to the literature are decisive 
for the conservation of biodiversity in water. At a general level, conservation indices show different behavior 
and the processes of anthropization are decisive for the quality of the wetlands, the greater the sedimentation, 
the greater the quantity of phosphates and therefore the greater the eutrophication. It was possible to obtain 
an index of the state of conservation of the Sonso Lagoon, from the multivariate analysis of the values of 13 
main variables, recorded during a time window of 2004 to 2018, which had a calculated value of 0.65, which 
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allows us to conclude that the Lagoon is in an adequate state for the conservation of aquatic biodiversity, 
however, at the limit of an acceptable state, that is, it is a vulnerable wetland that requires special attention 
from the environmental authorities. On the other hand, of the 13 variables analyzed, those that presented the 
greatest weight were. On the other hand, the calculated value of the conservation index. 
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